CONTEXT AND OBJECTIVE: Hemangiomas are the commonest vascular tumors during childhood. In 2008, the effect of propranolol for treating capillary hemangiomas was demonstrated. Other similar results followed, showing that it rapidly reduces lesion volume. The objective here was to evaluate children and adolescents with hemangiomas that were treated with propranolol. DESIGN AND SETTING: Retrospective study, conducted in a children's hospital. METHODS: Patients aged 0-19 years with or without previous treatment, who were treated between January 2009 and December 2010, were included. The response was assessed by comparing the lesion appearance between the start of treatment and the last consultation. We considered partial or complete responses as the response to treatment. RESULTS: Sixty-nine patients with a median follow-up of 11 months (mean age: 31 months) were included. Of these, 58 patients were recently diagnosed and 11 had had previous treatment. A response (partial or complete) was seen in 60 patients (87%). Among the capillary hemangioma cases, responses were seen in 50 out of 53 (94%), while in other lesion types, it was 10 out of 16 (63%) (P = 0.3; chi-square).
INTRODUCTION
Hemangiomas are formed by proliferation of blood vessels and are the commonest vascular tumors during childhood, affecting approximately 3-10% of Caucasian children. 1 They occur more frequent in females (1:1.4-3.0), and in white non-Hispanic children.
Their causes are unknown, with the exception of rare genetic syndromes, in which hemangioma is frequent. 2 Histologically, hemangiomas are a heterogeneous group, 3 although the most common type is known simply as infantile or capillary hemangioma.
Hemangiomas display different growth phases over the course of their evolution. Initially, there is a rapidly proliferating phase lasting for up to six months. During this phase, the lesion becomes more erythematous and violacious. Larger, deep hemangiomas may proliferate up to the age of two years. A stationary phase ensues, during which the hemangioma grows in proportion to the child. This is followed by an involutive phase that lasts for up to five years in most cases. Involutive hemangiomas change color to gray. Maximum involution occurs in approximately 50% of children by the age of five years and in 90% of children by the age of nine. Some 20% to 40% of patients keep residual changes of the skin, such as laxity, discoloration, telangiectasia, fibrofatty masses or scarring. 4 Most hemangiomas are small and never complicated, and they are adequately managed through clinical observation alone.
A number of pharmacological interventions have been used for the approximately 10-30% of these patients who present complications. The majority of these treatments have never been properly clinically evaluated, aside from reports on small numbers of cases.
The first-line therapy has been oral corticosteroids for many years.
Other treatments include topical or intralesional corticosteroids, interferon alpha and vincristine. In the absence of any randomized controlled clinical trials, the dosing, time duration and efficacy of oral corticosteroids are determined empirically at best. 3, 4 In 2008, a letter published in the New England Journal of Medicine first reported use of propranolol for treating childhood hemangiomas. 5 After this initial information, other reports on cases successfully treated with propranolol were published, and the initial article has been cited around 140 times (Google Scholar survey in January 2011). Since January 2009, we have been treating pediatric patients with hemangiomas using offlabel oral propranolol in our institution.
OBJECTIVES
To describe the therapeutic effects of propranolol, in a cohort of children and adolescents with hemangioma from a single institution.
METHODS
We planned to evaluate the response of children with hemangiomas to treatment with propranolol. Adverse events reported during the treatment would be recorded. 
RESULTS
We included 69 patients with a mean follow-up of 11 months.
The average age at the time of starting the patients' first treat- Fifty-eight patients had not been treated previously, while 11 presented residual lesions or had been refractory to previous therapy.
A response (partial or complete) was seen in 60 patients (87%).
Forty-six patients were female and 23 were male (ratio 1:2). Th e lesions were classifi ed as infantile hemangioma (53), cavernoma (three), syndromic hemangioma (four), congenital lesions or others (nine). Responses were seen in 50 out of 53 cases of infantile hemangioma (94%) and in 10 to 16 cases of the other hemangioma types (63%) (P = 0.3; chi-square). Responses were seen in 37 out of 38 patients who started treatment before reaching the age of one year (97%), whereas the proportion was 23 out of 31 patients who started treatment aft er reaching one year of age (74%) (P = 0.4; chi-square) (Figure 1 ).
Side eff ects were uncommon and mild, and the treatment was not discontinued for any child in the series because of side eff ects. Th e dose was reduced in some cases, due to side eff ects.
Sixteen patients reported possible side eff ects. Th e most common were transitory dyspnea (four patients), cold extremities (two patients), precordial pain (two patients) and slow weight gain 
DISCUSSION
In this preliminary retrospective study, treatment with propranolol was related with a response (consisting of lesion reduction) in most of the children with hemangiomas. It seemed that there was a greater chance of a response in children with infantile hemangiomas who were less than one year of age, in contrast to patients with other types of hemangiomas or who were over one year of age. However, this diff erence was not statistically signifi cant.
Th e statistical power of the comparison of numbers of responders between those aged less than and more than one year was 80% (data not shown). Th is indicates that the chance of type II error was small and that there was probably no real diff erence in the number of responders between children aged less than and more than one year. However, this evaluation did not diff erentiate between a partial response (defi ned less strictly in the present study, such that responses that are regarded as minor were also included) and a complete response. One of our goals is to complete the data-gathering for the entire cohort analysis with detailing of the two diff erent outcomes (partial or complete). 
A B
Infantile hemangiomas have typical presentation and evolution. 2 They express a homogeneous group of immunohistochemical markers, including GLUT1 (glucose transporter 1), which is a surface protein expressed by erythrocytes and the endothelium of infantile hemangiomas. 6 It is possible that propranolol has a specific effect on lesions that express GLUT1, regardless of its presentation and stage of development. Indeed, infantile hemangiomas have been found to express GLUT1 in both the proliferative and regressive phases. 6 In contrast, non-evolutive congenital hemangiomas constitute a group of lesions that are clinically and histologically distinct and do not express this marker. 7 In our series, the patients with congenital hemangiomas (clinical and radiological diagnoses) showed little or no response, unlike most other patients (data not shown). Perhaps the lesions with different presentations or evolution that respond to propranolol are actually GLUT1 positive (+) hemangiomas.
The mechanism of action of propranolol in infantile hemangiomas is still the subject of speculation. Initially, the idea was that this effect could be mediated by binding to beta-adrenergic receptors, leading to reducing of pro-angiogenic factors like VEGF (vascular endothelial growth factor) and b-FGF (fi broblast growth factor beta). 8 It has already been shown that infantile hemangiomas express adrenergic receptors and are closely related to sympathetic innervation. 9 Th ere has been speculation that, in particular, inhibition of beta-2 adrenergic receptors may lead to vasoconstriction, anti-angiogenesis (via inhibition of VEGF) and induction of apoptosis in hemangiomas. 10 However, no experimental evidence has corroborated these hypotheses.
Other possible molecular pathways that are involved in vascular tonus and endothelial proliferation and which could directly or indirectly function as targets of propranolol include: cAMP/PKA, leading to increased VEGF/b-FGF; 11 inhibition of vasodilation through reducing the release of NO mediated by beta-3 receptor ligands; 12 and VEGF production regulated by NF-kB, which relates to the eff ect of steroids on hemangiomas. 13 Recently, involvement of elements of the renin-angiotensin-aldosterone system has been suggested, via inhibition of the renal reninangiotensin-aldosterone system by propranolol, thus leading to inhibition of proliferation of endothelial progenitor cells that express receptors for VEGF and the CD34 marker. 14 However, an anecdotal reference to alleged direct binding of propranolol with GLUT1 has no scientifi c basis. 15 Regardless of the mechanism of action, it is now indisputable that propranolol has an important effect on infantile hemangiomas, such that it causes their rapid regression. 16 Other groups have also reported similar results, 17, 18 omas. 20 There is no recommended length of treatment, but it has been shown 20 that treating for a minimum of six months and at least until one year of age may prevent recurrences.
Th ese data are comparable with the results from our series. We observed responses in 87% of our 69 patients. Most of the published series included only infants with capillary hemangiomas. 19 Th e original series included patients aged up to four years, and the only randomized trial completed so far included children of up to fi ve years of age. 17, 20 In our series, most of the patients were under one year of age, and 75% were 5 years of age or less, and thus our results are directly comparable with the previously published series. A small number of older children and adolescents (most with lesions other than capillary hemangiomas or residual/refractory hemangiomas) were included in this series. To our knowledge, this is the fi rst report to include patients over fi ve years of age treated with propranolol.
Surprisingly, some patients in the older subset did respond to the treatment, thus indicating that propranolol may have some therapeutic utility in these patients. have been no cases of mortality and no serious cardiovascular events. 20 The safety of propranolol was not addressed in our retrospective series. However, we recorded few side effects, and none requiring treatment discontinuation.
Previously published series reported variable incidence of adverse events, ranging from none recorded 20 to two thirds of the patients (a Chinese series that reported diarrhea possibly caused by the oral formulation). 19 Adequate phase I studies on propranolol use among children with hemangiomas may be warranted, in order to ascertain the real adverse event frequency in these patients.
Our report is, as far as we are aware, the largest single-center series so far published in the literature and is one of the few that included syndromic patients with hemangiomas or lesions other from infantile hemangiomas. We were able to reproduce the good results reported by other groups, although we showed that a small number of patients were refractory. These results may have implications for treatments for infantile hemangiomas,
given that current practice is to use steroids as first-line therapy in cases of complicated hemangiomas.
Regarding syndromic patients or other types of hemangiomas, and older patients, it is still too early to say for sure whether patients within this heterogeneous group can also benefit from therapy with propranolol. Moreover, it can be hypothesized that propranolol acts specifically on GLUT1-positive lesions, regardless of their clinical presentation. These are interesting directions for future basic and clinical research.
CONCLUSIONS
Propranolol seemed to be effective in treating hemangiomas in children of all ages, and not only in the proliferative stage of the lesions (up to one year of age), with a high response rate. The outcome varied with the type of lesion, and with the age (difference not statistically significant). Infantile hemangiomas in infants under one year of age showed responses in nearly all patients.
Randomized clinical trials are necessary to confirm this finding and to assess the safety of the intervention as well.
